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Staphylococcal sepsis is a major cause of morbidity and mortality in very-low-birth-weight (VLBW) infants.
A human chimeric monoclonal antibody, pagibaximab, was developed against staphylococcal lipoteichoic acid.
We evaluated the safety, tolerability, and pharmacokinetics of pagibaximab in VLBW neonates. A phase 1/2,
randomized, double-blind, placebo-controlled, dose escalation study was conducted in VLBW infants (700 to
1,300 g) 3 to 7 days old. Patients received two doses 14 days apart of intravenous pagibaximab (10, 30, 60, or
90 mg/kg of body weight) or placebo in a 2:1 ratio. Blood and urine samples were obtained pre- and
postinfusion for analysis of safety and pharmacokinetics, and data on adverse events were gathered. Staphy-
lococcal organisms causing sepsis were collected and evaluated. Fifty-three patients received at least one dose
of pagibaximab or placebo. The average gestational age was 27.6 weeks; the average birth weight was 1,003 g.
All serious adverse events were deemed unrelated or probably not drug related. Morbidity and mortality were
similar across treatment groups. No evidence of immunogenicity of pagibaximab was detected. Pagibaximab
pharmacokinetics was linear. The mean clearance (CL), volume of distribution, and elimination half-life of
pagibaximab were independent of dose. The serum half-life was 20.5 � 6.8 days. Pagibaximab enhanced serum
opsonophagocytic activity. All staphylococci causing sepsis were opsonizable by pagibaximab. Two infusions of
pagibaximab, administered 2 weeks apart to high-risk neonates appeared safe and tolerable, and pharmaco-
kinetics were linear. Evaluation of more frequent doses, at the highest doses tested, in neonates at high-risk
of staphylococcal sepsis, is warranted.

Very-low-birth-weight (VLBW) neonates (�1,500-g birth
weight) are at high risk for late-onset (�72 h of life) hospital-
acquired sepsis (13, 16, 17). Such infections are a major cause
of morbidity, prolong time in the hospital and intensive care
unit, increase the need for antibiotics, and further increase the
substantial cost of medical care for these infants (8, 17). Staph-
ylococci, including coagulase-negative staphylococci (CONS)
and Staphylococcus aureus, are responsible for between 56 and
�75% of hospital-acquired, late-onset neonatal sepsis (13, 31).
Recent reports (12, 28, 30) show continuing increases in resis-
tance of staphylococci to antimicrobial agents. Frequent and
prolonged exposures to antimicrobials have been demon-
strated to increase the risk of developing infections with resis-
tant organisms (30, 34). Therapeutic products and strategies
that could prevent infections would minimize the need for
antimicrobial products (20).

Lipoteichoic acid (LTA) is a highly conserved epitope in the
staphylococcal cell wall that inhibits phagocytosis of bacteria in

vitro, induces the cytokine cascade through stimulation of Toll-
like receptors, and may be necessary for staphylococcal sur-
vival (18, 19, 24, 27). An anti-LTA murine/human chimeric
monoclonal antibody, pagibaximab, was developed by recom-
binant DNA technology (J. J. Mond, unpublished data), and its
activity was confirmed in vitro and in animal studies against
CONS (37; Mond, unpublished) and S. aureus (L. E. Weisman,
unpublished data). On the basis of preclinical pagibaximab
bactericidal activity against a number of clinical isolates in vitro
and in staphylococcal sepsis models in suckling animals, we
have selected 500 �g/ml as the putative protective level of this
antibody. In summary, we found that pagibaximab resistance
bound 24 different strains of CONS and S. aureus and demon-
strated increased bacterial killing in vitro against all of these
strains. There was a clear dose-response curve with 400 �g/ml
being required to show the maximum killing activity on all of
the strains tested and lower doses being less bactericidal. In a
suckling rat model of sepsis caused by CONS, pagibaximab
significantly increased survival at a dose of 80 mg/kg of body
weight (P � 0.0007), and the effect of 40 mg/kg was signifi-
cantly lower. This was associated with suckling rat serum
pagibaximab concentrations of approximately 275 to 400 �g/
ml. In a lethal suckling rat model of S. aureus sepsis, pagibaxi-
mab significantly increased survival at 80 mg/kg/dose (P �
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0.02), and protection was lower at doses of 40 mg/kg. This was
associated with suckling rat serum pagibaximab concentrations
of 400 to 500 �g/ml. In view of the fact that VLBW infants
have compromised innate immunity, we hypothesized that we
needed to have excess antibody to ensure bactericidal activity
under conditions in which the effector system might be com-
promised as occurs in the VLBW infant. For this reason, we
selected 500 �g/ml of antibody as the level which we hypoth-
esized would be protective. It has also been hypothesized that
pagibaximab could potentially prevent staphylococcal shock
syndrome (15). Thus, pagibaximab appears a promising option
in preventing staphylococcal sepsis and its sequelae.

Pagibaximab has been studied in healthy human adults as a
single intravenous (i.v.) dose at 3 or 10 mg per kilogram and
appeared to be safe and tolerable (38). The current clinical
study, the first study of pagibaximab in VLBW neonates, was
intended to evaluate the safety, tolerability, and pharmacoki-
netics of pagibaximab in this high-risk patient population.

(This work was presented in part at the Pediatric Academic
Societies’ Annual Meetings in Baltimore, MD, May 2003, and
San Francisco, CA, May 2004.)

MATERIALS AND METHODS

Study design. This was a phase 1/2, randomized, double-blind, placebo-con-
trolled, dose escalation study assessing the safety and pharmacokinetic profile of
four dose levels of pagibaximab. Based on previous studies of a neonatal mono-
clonal antibody to prevent infection (33), monoclonal antibodies to treat infec-
tion (1, 11), pagibaximab in animal models (37; Mond, unpublished; Weisman,
unpublished), neonatal suckling rat toxicity studies (Mond, unpublished), and a
pagibaximab study of adults (38), the four dose levels of pagibaximab chosen for
the present study were 10, 30, 60, and 90 mg/kg. Based on these in vitro and
animal studies, serum pagibaximab levels of 500 �g/ml were anticipated to
provide protection against the broadest spectrum of CONS and S. aureus sepsis
in VLBW neonates. The study was conducted from October 2001 through May
2003 in three neonatal intensive care units in two medical centers in the United
States.

Study entry criteria. Eligible patients were infants with a birth weight of 700
to 1,300 g, 3 to 7 days of age (inclusive), inpatients in the neonatal intensive care
unit with i.v. access, and expected to live at least 1 week following infusion.
Patients with any of the following conditions were excluded from eligibility:
clinically overt systemic infection; life-threatening hemodynamic instability; se-
vere congenital anomaly or genetic disorder; known or suspected hepatic or renal
insufficiency; persistent seizure disorder; immunodeficiency due to reasons other
than prematurity; a history of immune globulin administration prior to first study
drug infusion; any history (patient or mother) of a hypersensitivity or severe
vasomotor reaction to immunoglobulin G (IgG) or blood products; abnormal
laboratory findings, including liver function tests, blood urea nitrogen, bilirubin,
complete blood count (CBC); concomitant or recent receipt of other investiga-
tional agents; expectation that we would not be able to monitor the patient for
the duration of the study; mother with serology positive for hepatitis B virus
surface antigen or neonate’s receipt of hepatitis B virus immune globulin since
birth. The institutional review board at each center approved the study.

Evaluation of patients. After informed consent was obtained from the infant’s
parents or legal guardian, a baseline evaluation of medical history, physical
examination, and laboratory testing was performed. Laboratory evaluations in-
cluded standard hematology, blood chemistry, liver function, renal function, and
urinalysis testing.

Fifteen minutes before administration of the study drug, vital signs, oxygen
saturation, and physical examination were obtained. The randomized dose of
study drug (pagibaximab or placebo) was administered as an i.v. infusion at 0.01
ml per kilogram per minute. The infusion rate was slowly increased to 0.02, 0.05,
0.1, and 0.125 ml/kg/min every 15 min if there was no physical evidence of an
adverse event (AE), including changes in oxygen saturation, heart rate, blood
pressure, temperature, and respirations. Additional vital signs and clinical as-
sessment data were collected every 15 min until the infusion was complete and
30 and 60 min postinfusion.

On day 14, patients were rescreened for eligibility for the second dose. Eligible

patients had a similar predose evaluation. Administration of the second dose of
study drug occurred at the patient’s previous randomized dose based on the
original treatment assignment, and infusion followed the same procedures de-
scribed for the initial infusion.

On days 3 and 7, the patients were assessed for safety, medical history, vital
signs, and physical examination. On days 14, 28, and 42, the patients were
assessed for safety, medical history, vital signs, and physical examination, and the
following were obtained: urinalysis, CBC with differential and platelet count,
aspartate aminotransferase, alanine aminotransferase, blood urea nitrogen, and
creatinine. If available, data on bilirubin, electrolytes, and glucose were also
collected. Additionally, on day 42, blood was drawn for human antimurine
antibody/human antichimeric antibody (HAMA/HACA) analysis. On day 56, if
still hospitalized, patients were assessed for safety, medical history, vital signs,
physical examination, and urinalysis was obtained. If a patient was released from
the hospital prior to day 56, the patient’s parent or legal guardian was contacted
by telephone and asked about the patient’s health since hospital discharge. Blood
was drawn for anti-LTA antibody levels on days 0 (1 h after infusion), 3, 7, 14
(prior to the second infusion), 14 (1 h after the second infusion), 28, 42, and 56
(if still hospitalized). Patients were monitored for a total of 8 weeks after the start
of the first study drug infusion.

Throughout the study, patients were closely monitored for signs of infection.
If the attending physician deemed it necessary to evaluate a patient for sepsis,
meningitis, or other infection, a workup was performed. The workup included
CBC with differential; platelet count; blood culture from a peripheral vein
(although physicians were encouraged to collect two samples, a single sample was
considered acceptable); cerebrospinal fluid examination, including gram stain,
cell count, and culture; urine culture by bladder tap or sterile catheterization;
and culture from other sterile sources as indicated. Samples of all staphylococcal
bacteria isolated from blood, cerebrospinal fluid, and other sterile sites were sent
to a central laboratory for analyses.

Randomization and dose escalation. Eligible VLBW infants were randomized
at a ratio of 2:1 to receive i.v. pagibaximab at 10, 30, 60, and 90 mg/kg or an equal
volume of placebo (saline) on days 0 and 14. Two birth weight groups (700 to
1,000 g and 1,001 to 1,300 g) accrued independently, with each dose and birth
weight group consisting of four patients receiving pagibaximab and two patients
receiving placebo.

Dose escalation to the next higher level occurred within each birth weight
group only after the last patient in the previous dose and weight group was
monitored for at least 14 days from the first dose by the safety monitoring
committee. This committee was composed of the two principal investigators, the
independent medical monitor, and three physicians from the study sponsor.

Blinding. This was a double-blind study. The only persons who knew patient
treatment assignments were the statisticians at the contract research organiza-
tion overseeing the study, who were responsible for assignment of patient iden-
tification numbers and study drug allocation, and the pharmacists at the study
sites, who were responsible for preparing the infusion.

Safety analyses. For the purpose of this study, an AE was defined as any
adverse change from the patient’s baseline condition that occurred following the
first administration of the study drug through the end of the study period.
Changes from the patient’s baseline condition known to be normal physiologic
changes associated with the development of premature infants were not consid-
ered to be AEs. A protocol-defined toxicity table was used to grade the severity
of each AE on a scale of 1 to 4.

A serious adverse event (SAE) was defined as any event that resulted in any
of the following outcomes: (i) death; (ii) a life-threatening AE; (iii) inpatient
hospitalization or prolongation of hospitalization; (iv) persistent or significant
disability or incapacity; (v) an important medical event that required intervention
in order to prevent any of the other serious outcomes. All grade 4 AEs, as
defined in the toxicity table, were considered SAEs. The investigator assessed
each SAE for severity and relationship to study drug in a blinded manner.

Assessment of immunogenicity. HAMA/HACA levels were determined by
radiometric human anti-Hu96-110 HACA assays. Hu96-110, a human/murine
chimeric monoclonal antibody (IgG1�), is the active ingredient of pagibaximab.
Polystyrene beads were coated with Hu96-110. Test serum, normal human se-
rum, and goat anti-human IgG (positive control) were added to borosilicate glass
culture tubes. A single Hu96-110-coated bead was added to each tube. Each bead
was washed. 125I-labeled Hu96-110 was added to all tubes. Each bead was
washed again. The beads were transferred to clean tubes, and particle emissions
were counted to determine the amount of 125I-labeled Hu96-110 bound to each
bead. The assay result was calculated from the bound 125I-labeled Hu96-110 and
known concentration of 125I-labeled Hu96-110. The results were expressed as
nanograms per milliliter of Hu96-110. During validation of the assay, the mean
and standard deviation of the response in 27 normal human serum samples was
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25.4 � 8.7 ng/ml. The upper limit of normal human serum was defined as the
mean plus 3 standard deviations or 52 ng/ml. A positive sample would have a
value that exceeds the upper limit and or was twice as high as the preinfusion
sample.

Pharmacokinetic analyses. The pharmacokinetic profile of pagibaximab was
assessed using an antigen capture enzyme-linked immunosorbent assay measur-
ing the concentration of anti-LTA antibodies in serum. In brief, S. aureus LTA
was coated onto the bottom of 96-well microtiter plates. After unbound LTA was
washed off, test sera diluted in phosphate-buffered saline with Tween 20 and
immunoglobulin-depleted human serum was incubated in the wells. The bound
anti-LTA antibody was detected by incubation with a horseradish peroxidase-
labeled anti-human immunoglobulin antibody and a colorimetric reagent
(3,3�,5,5�-tetramethylbenzidine [TMB]). The amount of anti-LTA antibody in
serum was determined by comparison to a pagibaximab standard of known
amount (38). Noncompartmental analysis was used to estimate clearance, vol-
ume of distribution (V), and half-life (t1/2).

Opsonophagocytic activity. The opsonophagocytic (bacterial killing) activity of
pagibaximab in serum was determined using a modified standard assay (14).
Specifically, the following components were used: Staphylococcus epidermidis
American Type Culture Collection (ATCC) strain 55133 (for measurement of
patient serum activity) or clinical isolates (for measurement of pagibaximab
activity) as the source of bacteria, HL60 cells (human acute promyelocytic leu-
kemia cell line) as a source of human polymorphonuclear cells (PMNs), and C1q
as a source of complement. In brief, patient serum (diluted 1:90) or pagibaximab
(at various concentrations), PMNs, and diluted complement were mixed with a
suspension of bacteria and incubated in a 96-well plate. Bacterial killing was
measured by comparing the number of bacteria present at the time of initial
mixing and after 2 h of incubation. Bacteria were enumerated by performing
colony counts on tryptic agar plates with 5% sheep blood. Controls included
PMNs alone, complement alone, and PMNs plus complement. Using the formula
{[number of bacteria (time zero to 2 h)]/number of bacteria at time zero]} 	 100,
the percent bacterial killing was calculated.

Bacterial analysis. Frozen stocks of staphylococcal isolates were shipped to a
central laboratory for species identification. Clinical isolates of CONS from
blood cultures were analyzed. The isolates were thawed and streaked for isola-
tion on blood agar (Remel, Lenexa, KS) to confirm culture purity and presence
of staphylococci. The species was determined by using the API Staph Ident
system (BioMerieux, Hazelwood, MO) (21). Briefly, isolated staphylococcal col-
onies were tested in various biochemical assays per the manufacturer’s instruc-
tions. Two ATCC reference isolates, ATCC 49521 and ATCC 35984, were used
as control organisms for S. aureus and S. epidermidis, respectively. Those staph-
ylococcal isolates for which an unequivocal species could not be determined by
API Staph Strip, were sent to Accugenix (Newark, DE) for 16S 500-bp sequence
identification.

The same isolates were evaluated for genetic relatedness by performing
pulsed-field gel electrophoresis (PFGE) following published procedures (26).
Briefly, chromosomal DNA was isolated from the various staphylococcal isolates,
digested in agarose with SmaI, and then subjected to PFGE using a contour-
clamped homogeneous electric field system (Bio-Rad, Hercules, CA). Dendro-

grams were generated based on the genetic relatedness of the digestion patterns
(23).

Analysis of sepsis episodes. For all patients who had sepsis evaluations, anal-
yses of sepsis caused by CONS were divided into four categories. Each category
included signs and symptoms consistent with clinical sepsis. In addition, if two or
more peripheral blood cultures grew CONS, it was categorized as definite sepsis.
If one peripheral blood culture grew CONS when only one peripheral blood
culture was drawn, it was categorized as probable sepsis. If one peripheral blood
culture grew CONS when more than one peripheral blood culture was drawn, it
was categorized as possible sepsis. If one or more central venous line blood
cultures grew CONS in the absence of positive peripheral cultures, it was cate-
gorized as line sepsis.

Statistical methods. The statistical analyses were essentially descriptive. Safety
analyses were performed on the intent-to-treat (ITT) population, defined as all
randomized patients who received at least one dose of study drug. Continuous
variables were summarized by the mean, standard deviation, median, and range.
Categorical variables were summarized by the frequency and percentage. There
was no formal hypothesis testing planned for primary objectives. However, if
differences were observed, appropriate formal hypothesis testing for primary
and/or secondary outcomes was performed at the significance level of 
 � 0.05
(two-sided test).

RESULTS

Patient population. Fifty-five patients were randomized into
the study. Of these, two patients never received the study drug;
consent for one patient was withdrawn prior to the first study
drug infusion and the other was excluded due to low hemo-
globin. These 53 patients (47 from Baylor College of Medicine
and 6 from Weill Medical College) were considered the ITT
population that formed the basis of our analysis. Fifty-three
patients received at least one dose of study drug, and 44 (83%)
of 53 received two doses. Nine patients (17%) did not receive
the second dose because they met one or more exclusion cri-
teria for the second dose.

Patient baseline characteristics. Demographic and other
baseline characteristics of study patients were generally com-
parable across the treatment groups (Table 1). The mean ges-
tational age for patients was 27.6 weeks (ranging from 25.0 to
33.0 weeks), and the mean birth weight was 1,003 g (ranging
from 702 to 1,300 g).

Pharmacokinetics. Mean patient preinfusion (endogenous)
plasma anti-LTA concentrations were low and ranged from
3.49 to 9.44 �g/ml across the dose groups. Mean plasma anti-

TABLE 1. Patient baseline characteristics by treatment group

Characteristic

Value for treatment groupa

Pagibaximab
Placebo
(n � 20)

Total (all groups)
(n � 53)10 mg/kg

(n � 8)
30 mg/kg
(n � 8)

60 mg/kg
(n � 8)

90 mg/kg
(n � 9)

Gestational age (wk) (mean � SD) 27.4 � 1.7 27.5 � 1.4 27.0 � 1.5 28.3 � 2.2 27.6 � 2.4 27.6 � 2.0
Birth wt (g) (mean � SD) 990 � 170 1,030 � 172 1,015 � 168 1,015 � 209 987 � 159 1,003 � 167
Female gender (%) 37.5 50.0 25.0 44.4 45.0 41.5

Race (%)
Black 25.0 25.0 12.5 11.1 35.0 24.5
Hispanic 37.5 62.5 62.5 11.1 25.0 35.8
White 25.0 12.5 25.0 66.7 30.0 32.1

Apgar score (mean � SD)
1 min 5.4 � 2.0 5.6 � 2.9 5.5 � 1.9 5.4 � 1.9 4.9 � 2.1 5.3 � 2.1
5 min 7.4 � 1.4 7.3 � 2.1 7.6 � 1.1 7.3 � 1.3 7.0 � 2.0 7.3 � 1.6

a n indicates the number of patients in the treatment group.
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LTA concentrations increased in a dose-related manner (Fig.
1). In the 60-mg/kg and 90-mg/kg dose groups, following the
second infusion of pagibaximab, an extrapolation of the serum
antibody levels suggests that a sustained mean anti-LTA level
over 500 �g/ml was observed for a period of approximately 6
and 12 days, respectively (Fig. 1). Six (85.7%) of eight patients
in the 60-mg/kg dose group and 8 (100%) of 8 patients in the
90-mg/kg dose group had plasma anti-LTA concentrations
over 500 �g/ml immediately after the day 14 pagibaximab
infusion. In the 10-mg/kg and 30-mg/kg dose groups, no patient
and one (12.5%) of eight patients, respectively, had an anti-
body concentration over 500 �g/ml immediately after the day
14 infusion. One patient in the 90-mg/kg dose group had an
antibody concentration over 500 �g/ml on day 28.

Following i.v. infusion of pagibaximab, mean pharmacoki-
netic values across dose groups were independent of dose.
Total plasma CL ranged from 0.32 to 0.43 ml per hour, mean
V ranged from 182 to 285 ml, and mean t1/2 ranged from 369 to
599 h or 19 to 25 days. The pharmacokinetics of pagibaximab
in premature infants therefore appeared linear at doses rang-
ing from 10 to 90 mg/kg.

Examination of the mean plasma anti-LTA over time profile
(Fig. 1) revealed that the decay after the first dose appeared to
be similar to that after the second dose. However, this evalu-
ation was limited by the time points available. Blood sampling

for pharmacokinetic analysis was restricted by the small vol-
ume of blood available from the neonates.

Dose proportionality analysis showed that the linear regres-
sion of the log area under the plasma drug concentration-time
curve versus the log total dose suggested that for these data,
the doses were proportional with the estimated slope of 0.92,
the 95% confidence interval of 0.78 to 1.06, and a P value of
�0.0001.

One patient in the 90-mg/kg dose group received only the
first dose of pagibaximab, but blood samples were collected for
the entire 56-day period. This patient’s pharmacokinetic pa-
rameters for CL (0.347 ml/h), V (241 ml), and t1/2 (481 h) were
consistent with the rest of the 90-mg/kg group, suggesting that
the pharmacokinetics of pagibaximab were consistent after one
or two doses.

Safety analyses. All safety data were reviewed throughout
the study by an independent medical monitor, the safety mon-
itoring committee, and an external data safety monitoring
board, and there were no safety concerns.

Adverse events. Fifty-two (98%) of the 53 patients in the ITT
population experienced at least one AE during the study. AEs
experienced by patients in this study were consistent with
events known to occur with prematurity and in low-birth-
weight neonates (2). The AEs most commonly reported in
study patients were anemia and hyperkalemia, with 38 (71.7%)
and 29 (54.7%) of 53 patients, respectively, experiencing at
least one episode. The percentages of patients experiencing
the most common AEs were generally similar in the treatment
groups (Table 2). There was no trend toward increased fre-
quency of clinical or laboratory AE with increased pagibaxi-
mab dose.

One AE, moderate oxygen supplementation, was assessed by
the investigator as probably related to study drug infusion. This
event, experienced by a patient in the 90-mg/kg pagibaximab
group, occurred immediately after the second study drug infu-
sion and resolved in 1 h. All other AEs were considered by the
investigators as either unrelated or probably not related to
study drug.

FIG. 1. Plasma anti-LTA antibody concentrations over time by
pagibaximab dose group on a semilogarithmic axis. The values shown
are means � standard deviations. Each error bar represents 1 standard
deviation. There were seven patients in the 10-mg/kg dose group with
data for six patients included on day 56. There were eight patients in
the 30-mg/kg dose group with data for seven patients included on day
42 and data for five patients included on day 56. There were eight
patients in the 60-mg/kg dose group with data for seven patients in-
cluded on day 14, day 28, and day 42 and data for six patients included
on day 56. There were eight patients in the 90-mg/kg dose group with
data for six patients included on day 56. The individual symbols rep-
resent positive staphylococcal blood cultures and are plotted as the
concentration (Conc) of pagibaximab in serum (as determined by
direct measurement by an enzyme-linked immunosorbent assay) ver-
sus the time in days when the positive blood culture was drawn. ✹,
placebo treatment group; �, 10-mg/kg dose group; Œ, 30-mg/kg dose
group; f, 60-mg/kg dose group; F, 90-mg/kg dose group. All placebo
symbols lie on the x axis, since there were no measurable serum
antibody concentrations in this group. All staphylococcal infections
occurred at an estimated serum anti-LTA concentration of �500
�g/ml.

TABLE 2. Adverse events occurring in �10% of patients in the
intent-to-treat population by treatment group

Adverse event

No. (%) of patients who experienced
the adverse event in treatment groupa

Pagibaximab (10,
30, 60, or 90 mg/

kg) (n � 33)

Placebo
(n � 20)

Total
(all

groups)
(n � 53)

Anemia 24 (72.7) 14 (70.0) 38 (71.7)
Hyperkalemia 17 (51.5) 12 (60.0) 29 (54.7)
Apnea 12 (36.4) 5 (25.0) 17 (32.1)
Increased serum alkaline

phosphatase
6 (18.2) 9 (45.0) 15 (28.3)

Respiratory distress 11 (33.3) 4 (20.0) 15 (28.3)
Intraventricular hemorrhage 6 (18.2) 7 (35.0) 13 (24.5)
Conjugated bilirubinemia 7 (21.2) 5 (25.0) 12 (22.6)
Thrombocytopenia 8 (24.2) 4 (20.0) 12 (22.6)
Hyponatremia 5 (15.2) 5 (25.0) 10 (18.9)
Unconjugated hyperbilirubinemia 5 (15.2) 3 (15.0) 8 (15.1)
Hypotension 6 (18.2) 2 (10.0) 8 (15.1)
Oxygen desaturation 5 (15.2) 3 (15.0) 8 (15.1)
Increased blood urea nitrogen 2 (6.1) 4 (20.0) 6 (11.3)
Neutropenia 5 (15.2) 1 (5.0) 6 (11.3)

a n indicates the number of patients in the treatment group.
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Serious adverse events. Twenty-three (43%) of 53 patients
in the ITT population experienced at least one SAE during the
study. Cholestasis was the most common SAE, with 10 patients
(18.9%) reporting at least one episode. Other SAEs occurring
in �5% of patients in the ITT population included necrotizing
enterocolitis (NEC) and sepsis due to an identified organism
(seven patients, or 13.2%, each), and hyperkalemia and throm-
bocytopenia (three patients, or 5.7%, each).

The SAEs experienced by patients in this study were gener-
ally similar across treatment groups. No trend toward in-
creased frequency of SAEs with increasing pagibaximab dose
was observed. All SAEs reported for patients in this study were
recognized comorbidities associated with prematurity, and all
were assessed by the investigators as either unrelated or prob-
ably not related to study drug.

Significant clinical outcomes. In order to assess any poten-
tial adverse effect of pagibaximab on clinical events known to
occur at high frequency in low-birth-weight neonates, the fre-
quency of patients experiencing NEC (Bell’s stage 2 or greater)
(7), bronchopulmonary dysplasia (oxygen dependency at 36
weeks postmenstrual age) (6), severe intraventricular hemor-
rhage (Papille’s grade 3 or 4) (25), retinopathy of prematurity
requiring surgery, and death were summarized by treatment
group. The percentages of patients in the pagibaximab and
placebo treatment groups experiencing significant clinical out-
comes were generally similar for bronchopulmonary dysplasia
(57.6% versus 66.6%, respectively), NEC (15.2% versus 11.1%,
respectively), retinopathy of prematurity requiring surgery
(3.0% versus 10.0%, respectively), and death (9.1% versus
5.0%, respectively). A severe intraventricular hemorrhage was
experienced by 3.0% of patients in the pagibaximab group and
20% of patients in the placebo group (P � 0.061). The number
of patients experiencing significant clinical outcomes in the
individual treatment groups was small; however, no trend to-
ward increased frequency of any significant clinical event with
increased pagibaximab dose was observed.

Deaths. Four (7.5%) of the 53 patients in the ITT popula-
tion died during the study, including three (9.1%) of 33 pa-
tients receiving pagibaximab and one (5.0%) of 20 patients
receiving placebo (P � 1.00). A second patient in the placebo
group died 7 months after completing the study follow-up
period.

One patient in the pagibaximab treatment group died on
study day 21 due to NEC and sepsis. This infant received the
first dose of pagibaximab (10 mg/kg) on study day 0 and did not
receive the second dose because of failure to fulfill the eligi-
bility criteria. A second patient in the pagibaximab treatment
group died on study day 5 due to severe hyaline membrane

disease and subsequent NEC, and no organism was identified.
This infant received the first dose of pagibaximab (10 mg/kg)
on study day 0 and died prior to receiving the second dose. A
third patient in the pagibaximab treatment group died on study
day 11 from sepsis. This infant received the first dose of pagib-
aximab (60 mg/kg) on study day 0 and died prior to adminis-
tration of the second dose.

One patient in the placebo group died on study day 36 from
sepsis, NEC, and prematurity resulting in multiple organ fail-
ure. This infant received the first dose of placebo (as part of
the 10-mg/kg dose group) on study day 0 and did not receive
the second dose because of failure to fulfill the eligibility cri-
teria. A second patient in the placebo group died 7 months
after completing the study follow-up period. The immediate
cause of death was cardiopulmonary failure secondary to mul-
tiple organ system insufficiency and extreme prematurity.

None of these deaths was considered by the investigators to
be attributable to study drug. All of the events resulting in
death are known to be associated with premature infants with
very low birth weight.

HAMA/HACA analysis. Concentrations of HAMA/HACA
were relatively unchanged for all patients across treatment
groups throughout the study and remained well below the
upper normal limit (52 ng/ml) from predose to postdose.

Vital signs, physical examinations, and clinical chemistry/
hematology/urinalysis. In all treatment groups, patient infu-
sion vital signs showed normal variability. Noninfusion vital
signs showed no indication of a dose response effect. Systolic
pressure and diastolic pressure increased with age, as expected
for this population, and were similar across treatment groups.
Heart rate and respiratory rate showed normal variability for
all treatment groups. Temperature was stable over time for all
treatment groups. The median body weight increased from
approximately 1,000 to 2,140 g over the study period; all dose
groups showed the same tendency. Variability in all laboratory
results over time was consistent with premature newborn pa-
rameters.

Opsonophagocytic activity. Pagibaximab enhanced the op-
sonophagocytic (bacterial killing) activity in serum (Table 3).
An increase in opsonophagocytic activity was demonstrated at
the lowest dose level (10 mg/kg) and was increased at the
higher dose levels. There did not appear to be a significant
difference in activity between the 30-, 60-, and 90-mg/kg
groups; however, only a single serum dilution of these samples
was tested. Differences may have been observed at higher
dilutions, but not enough serum was available for testing. In
contrast, minimal or no opsonophagocytic activity was ob-
served in patients treated with placebo.

TABLE 3. Opsonophagoctic activity (bacterial killing) in serum of neonates over time against S. epidermidis ATCC strain 55133

Pagibaximab
treatment group

Mean opsonophagoctic activity (% bacterial killing) (SEM) on:

Study day 0 Study day 14

Study day 28 Study day 42Before the first
infusion

1 h after the
first infusion

Before the second
infusion

1 h after the
second infusion

10 mg/kg/dose 26.7 (24.7) 37.2 (18.2) 24.1 (7.3) 46.9 (14.1) 29.4 (9.1) 20.9 (6.2)
30 mg/kg/dose 0 (0) 69.4 (7.9) 42.1 (10.5) 68.4 (10.6) 48.5 (10) 35.3 (7.7)
60 mg/kg/dose 0 (0) 60 (11.5) 44.8 (9.1) 56.7 (13.2) 50.1 (10.7) 38.6 (7.9)
90 mg/kg/dose 12 (12) 71.1 (9.2) 46.4 (9.4) 51.7 (14.5) 49.3 (11.1) 45.4 (9)
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Clinical signs and symptoms leading to evaluation of sepsis.
Sepsis evaluations were performed in 51 of the 53 patients in
the ITT population. The most common signs and symptoms
leading to evaluation for sepsis were similar across treatment
groups. The most common clinical signs and symptoms leading
to evaluation of sepsis were similar for patients in the pagib-
aximab and placebo treatment groups, with apnea/bradycardia
accounting for 23.7% and 26.2% of events, respectively, and
cyanosis accounting for 18.3% and 18.5% of events, respec-
tively. Overall, no dose response effect upon the frequency of
signs and symptoms leading to evaluation of sepsis was ob-
served.

Sepsis. Twenty-seven (50.9%) of the 53 patients, including
16 of 33 (48.5%) patients in the pagibaximab treatment group
and 11 of 19 (55%) patients in the placebo treatment group,
experienced at least one sepsis episode. Three patients each in
the pagibaximab treatment group (9.1%) and the placebo
treatment group (15%) experienced a second episode of sepsis.
Four patients each in the pagibaximab treatment group
(12.1%) and the placebo treatment group (20%) experienced
sepsis with multiple organisms. Coagulase-negative staphylo-
coccus was the most common organism (40.5%) isolated from
blood cultures in patients with sepsis in both the pagibaximab
and placebo treatment groups, and only one patient in the
60-mg/kg pagibaximab group experienced Staphylococcus au-
reus (2.4%) sepsis as part of a mixed infection with CONS (Fig.
1). Sixteen nonstaphylococcal sepsis events occurred in both
the pagibaximab (n � 7; 21.2%) and placebo (n � 9; 45%)
treatment groups (P � 0.12). The organisms isolated from
these blood cultures were Enterococcus (14.3%), Candida
(7.1%), Escherichia coli (7.1%), Klebsiella (7.1%), Pseudomo-
nas (7.1%), Enterobacter (4.8%), Serratia (4.8%), Acinetobacter
(2.4%), and Streptococcus agalactiae (2.4%) and did not differ
significantly between groups.

Sepsis caused by CONS. Sixteen (31%) of 53 patients expe-
rienced sepsis caused by CONS, including 11 (33.3%) of 33
patients receiving pagibaximab and five (25%) of 20 patients
receiving placebo (P � 0.76). One patient in the 30-mg/kg
pagibaximab group (9.1%) experienced a second episode of
sepsis caused by CONS. Although analysis by pagibaximab
dose level showed a slightly greater proportion of patients in
the 90-mg/kg pagibaximab group experiencing sepsis caused
by CONS (4 of 9 patients; 44%) compared with those in the
other treatment groups, statistical testing using Fisher’s ex-
act test showed no overall difference between dose groups
(P value of 0.9).

Of the 16 patients with sepsis caused by CONS, 15 experi-
enced definite (10 patients, 63%) or probable (5 patients,
31.3%) sepsis. No patient experienced possible sepsis caused
by CONS. One patient receiving pagibaximab at the 90-mg/kg
dose level experienced line sepsis caused by CONS. In all
cases, estimated or observed plasma anti-LTA levels were be-
low the putative protective level of 500 �g/ml at the time of
diagnosis of CONS-caused sepsis. The species identification of
the isolates in the 16 patients with sepsis caused by CONS
revealed substantial variation with sepsis caused by S. epider-
midis in 11 patients, and in 1 patient each by Staphylococcus
simulans, Staphylococcus caprae, mixed infection of S. epider-
midis and Staphylococcus hominus, mixed infection of S. epi-

dermidis and Staphylococcus haemolyticus, and mixed infection
of S. epidermidis and S. aureus.

Age at diagnosis of first episode of sepsis caused by CONS.
The mean age of patients at the diagnosis of the first episode
of sepsis caused by CONS ranged from 11.5 to 22.5 days across
treatment groups. In the 10-mg/kg pagibaximab treatment
group, the mean age at diagnosis of the first episode was 22.5
days, in the 30-mg/kg treatment group, it was 11.5 days, in the
60-mg/kg treatment group, it was 16.0 days, and in the 90-
mg/kg treatment group, it was 16.0 days. In the placebo treat-
ment group, the mean age at first diagnosis of CONS sepsis
was 17.8 days.

Opsonizability of CONS by pagibaximab. Of 25 staphylo-
coccal isolates recovered from the blood cultures of 16 patients
with staphylococcal infection, pagibaximab demonstrated bac-
terial killing (opsonophagocytic assay) against all the isolates.
However, there was distinct heterogeneity in the ability of
antibody to opsonize the different isolates. Whereas some iso-
lates were opsonized at a concentration of less than 50 �g/ml,
others required 400 �g/ml. At pagibaximab concentrations of
400 �g/ml, 18 (67%) isolates demonstrated �90% bacterial
killing, 21 (78%) isolates demonstrated �80% bacterial killing,
and 24 (89%) isolates demonstrated �70% bacterial killing.

Dendrogram of CONS. We also analyzed these 25 CONS
bacterial isolates for genetic relatedness. The dendrogram
(Fig. 2) of these isolates (using a similarity coefficient of 80%)
suggests that the strains of CONS varied substantially and were
generally unrelated between patients who were infected, even
in the same hospital (data not shown). There appeared to be
two clusters that were closely related: patients 28, 33, 35, 50,
55, 23, and 10 from the same hospital and patients 3, 51, and 29
from two different hospitals in New York, NY, and Houston,
TX. When paired cultures for the same sepsis episode were
tested (n � 5), all of these pairs appeared to be related.
Although one patient (patient 23) appeared to have two spe-
cies in each culture, the strains in the two cultures appeared
related. The other patient (patient 10) appeared to have two
species in one culture and one species in the other culture, and
the species in the two cultures appeared to be related.

DISCUSSION

Mean preinfusion (endogenous) plasma anti-LTA antibody
levels were found to be negligible in the VLBW neonates in
this study. This may be because premature infants do not
receive their normal transplacental passage of antibody which
occurs predominantly in the final weeks of pregnancy (5), or
the immaturity of the premature neonatal immune system
makes it unlikely that they would mount a significant antibody
response following exposure in utero or in the first few days of
life (32). A direct correlation between low serum levels of IgG
and an increased risk of late-onset neonatal sepsis has been
shown (13, 16). Thus, VLBW neonates are unlikely to possess
functional opsonophagocytic activity to staphylococci at birth
or during hospitalization, making them a population at high
risk of staphylococcal sepsis. Therefore, passive immunization
with pagibaximab could be a potentially important step in
preventing all neonatal staphylococcal infection. This may be
especially important in methicillin (meticillin)-resistant (com-
munity and hospital acquired) and methicillin-sensitive S. au-
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reus infections, which although these infections occur less fre-
quently than CONS infections, they result in greater morbidity
and mortality than CONS infection in the premature infant
(10, 11, 31).

The pharmacokinetics of pagibaximab in premature neo-
nates was dose proportional over doses ranging from 10 to 90
mg/kg. The mean t1/2 ranged from 19 to 25 days across the dose
groups and is consistent with previous reports of IgG infusions
in neonates (35, 36). This is also consistent with results from a
previous study of pagibaximab in healthy human adults (38),
with other studies of human/mouse chimeric or full human
IgG1 antibodies administered i.v. in adults (4, 9, 22, 29), and
commercially available intravenous immunoglobulin in neo-
nates (35, 36). Moreover, after the second infusion of pagib-
aximab at 60 or 90 mg/kg, mean anti-LTA levels greater than
500 �g/ml, the putative protection level for staphylococcal
sepsis, were observed. With the 90-mg/kg dose achieving more
sustained levels greater than 500 �g/ml, it suggests that higher
or more frequent doses of pagibaximab may be appropriate for
further study.

HAMA/HACA levels remained low in the neonates receiv-
ing i.v. pagibaximab at 10, 30, 60, and 90 mg/kg at study days 0
and 42, suggesting that pagibaximab did not elicit an antibody
response to itself even after repeated doses. In addition, the
AEs, SAEs, and clinical outcomes across study groups were not
significantly different. This is also similar to previous reports of
IgG safety and tolerability in neonates (35, 36). This study
suggests that the first use of pagibaximab in VLBW neonates at
10, 30, 60, and 90 mg/kg administered i.v. twice 2 weeks apart
appeared safe and well tolerated.

CONS was the most common cause of sepsis in the VLBW
neonates in this study, with an incidence of 30.2% across treat-

ment groups, and less than 2% of patients developed S. aureus
sepsis. These findings are consistent with the results of previ-
ous larger studies of late-onset sepsis in VLBW infants (3, 10,
31) that demonstrated CONS in 14 to 23% of patients and S.
aureus in 1.6 to 5% of patients. The majority (63%) of sepsis
cases caused by CONS in this study were confirmed by two or
more peripheral blood cultures growing CONS. There was no
significant difference in incidence rates of sepsis caused by
CONS across dose levels of pagibaximab and placebo, overall
or by category of infection. Given the small number of patients
in each treatment group in this study, no definitive conclusions
can be reached regarding the effect of pagibaximab. Larger
studies of pagibaximab in VLBW neonates are needed to dem-
onstrate any potential effect for prevention of staphylococcal
sepsis in the target population.

Patients receiving 60 or 90 mg/kg of pagibaximab were ob-
served to have sustained plasma anti-LTA levels above the
putative protection level of 500 �g/ml following the second
dose, so further evaluation of the product with larger and/or
more frequent doses should be considered. However, at the
time of diagnosis of sepsis caused by CONS, all affected pa-
tients had estimated or observed plasma anti-LTA levels below
500 �g/ml. Thus, further evaluation of pagibaximab should
focus on dosing regimens that can produce plasma anti-LTA
levels over 500 �g/ml for the potential prevention of staphylo-
coccal sepsis.
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